INTRODUCTION
============

Nobel prize winners, Arvid Carlsson, Paul Greengard, and Eric Kandel, supported initial studies on dopamine as a neurotransmitter playing a significant part in the Central Nervous system (CNS). Carlsson was rewarded for his seminal work in the 1950's showing that dopamine, thought only to be a precursor to Norepinephrine, was indeed a neurotransmitter by itself having an important role in brain function. Greengard received the Nobel Prize because he showed the role of Dopamine in the synapse and Kandel received the Nobel Prize for his contribution to the role of Dopamine in learning and memory \[[@R1]\].

The work of Carlsson lead to not only the successful treatment of Parkinson Disease, but depression and even Schizophrenia. However, it is accepted that by using the strong dopamine D2 receptor agonist L-Dopa there are issues related to motor control and dyskinesia \[[@R2]\]. Moreover, the role of antidepressants involving transporter systems and inhibition of the catabolic enzymes Monoamine--Oxidase (MOA-A,B) and Catecholamine-Methyl-Transferase (COMT) for depression is fraught with many issues related to side effects and even mood alterations \[[@R3]\]. Finally, the utilization of an anti-psychotic agent like Haloperidol that block dopamines response at D2 receptors could result in severe mood changes as well and they have significant side effects \[[@R4]\]. With due respect of these important findings still important in today's medical arsenal against these intrusive brain disorders, we can improve on these important medicaments. Interestingly, prior to 1968, little was known about the role of Dopamine and for example, ethanol abuse, intoxication and clinically induced alcoholism. However, following the development of the Institutes of both drug abuse (National Institute of Drug Abuse) and alcoholism (National Institute of Alcohol Abuse & Alcoholism) by the National Institutes of Health, the understanding of how these diverse addictive substances (*e.g.* glucose, alcohol, cocaine, heroin, nicotine, *etc.*) pharmacologically act, especially in the CNS and their commonality of neuro-functionality across mental illness has been a wonderful work in progress \[[@R5]\].

Since the 1960's and 70's, the role of Dopamine was beginning to entice scientists and it was not until 1969 that the very first Neuroscience Society meeting occurred, consisting of less than 100 members. In fact, Blum \[[@R6]\] was the first to show the role of dopamine at the neuromuscular junction revealing that tremors could occur as a motor response to dopamine. This had relevance to the role of dopamine in Parkinsonism. Other work by Blum *et al*. \[[@R7]-[@R9]\] revealed that dopamine played an important role in  alcohol withdrawal symptomatology similar to morphine withdrawal. This served, along with the seminal work of Davis and Walsh \[[@R10]\], as the basis of common mechanisms. In 1977, Blum edited a book "Alcohol & Opiates" devoted to common mechanisms between these two seemingly diverse chemical structures \[[@R11]\]. Melchoir and Myers in the mid 70's also showed genetic differences in ethanol drinking of various rat strains utilizing methods to destroy serotonergic and dopaminergic pathways \[[@R12]\]. Following these earlier studies, Dackis & Gold developed the concept of the "dopamine depletion hypothesis" specific for cocaine addiction \[[@R13]\]. Over a five-year period, there has been a plethora of research devoted to the role of neurotransmitters and brain function \[[@R14]\]. During this time, Blum & Kozlowski \[[@R15]\] developed and published on the concept they coined "Brain Reward Cascade," which served as a blue print for the first identification of the link between the dopamine D2 receptor (DRD2) gene Taq A1 allele and severe alcoholism \[[@R16]\].

Blum *et al*. \[[@R15]\] conceived "Reward Deficiency Syndrome" (RDS), which results from issues occurring during the "Brain Reward Cascade" \[[@R15]\] explicitly associating atypical cravings and poor executive function (decision-making).  The RDS concept included several reward gene deficits  such as dopaminergic, serotonergic, endorphinergic, catecholaminergic, gabaergic, adrenergic, opioidergic, cholinergic, as well as many second messengers across prefrontal cortex and meso-limbic systems. Following many studies, it is generally agreed that dopamine is a dominant brain neurotransmitter that regulates perception of welfare *via* the balancing of D1/D2 receptors \[[@R17], [@R18]\]. The combination of dopamine as well as additional neurotransmitters like serotonin, neuropeptides, and other dominant brain enzymes is responsible for producing this sense of well being. For example, decreased levels of serotonin are connected to episodes of depression.

Opioids in the reward circuitry of the brain are particularly connected to feelings of well being \[[@R19]\]. The multiplex of such neurotransmitters are produced in the brain and so are their receptors through transcription process involving mRNA \[[@R20]\]. We are cognizant that there are many associations of non-coding microRNAs (miRNAs) in all addictions.

It is known that miRNAs are small non-coding RNAs that function as translational repressors and represent an important element in cellular development as well as mental illness. MicroRNA sequences and their target sites in miRNAs reveal a degree of commonality across species.  It has now been adequately researched and found that a single miRNA can recognize the 3\'untranslated region of miRNAs in a sequence- specific manner to repress the protein expression of hundreds of targeted miRNAs. Most importantly, the human genome encodes more than 1000 miRNAs which effects over 60% of mammalian and human transcripts. Current data proposes that miRNAs control expression of mu opiate receptors and in fact it is known that an opiate agonist like morphine and fentanyl can alter specific miRNAs signaling as well. The interaction between specific miRNAs and opiates and their respective receptors will impact not only cell development, but analgesia, pain tolerance, and addiction \[[@R21]\]. He and Wang \[[@R22]\] suggested that the let- 7 family of miRNAs is a critical regulator of mu opiate receptor function in opioid tolerance.

Most *et al*. \[[@R23]\] has suggested that miRNA manipulation may cause cocaine-seeking behavior, reward processing of cocaine, and self-administration rates of alcohol -- all addiction-related behaviors. It has been adequately shown that miR-212 causes a level of susceptibility in cocaine addiction. This is supported by a number of findings:

1\) Compulsive cocaine-related behaviors are caused by increased miR-212 manifestation within the rat dorsal striatum; 2) increased miR-212 manifestation protects from cocaine addiction, because virus interference within striatal miR-212 reduces cocaine rat ingestion; 3) miR-212 has shown amplified striatal cAMP response element-binding protein (CREB) signaling *via* relevant pathways to activate Raf1 kinase; and 4) miR-212 regulates cocaine ingestion by inhibiting striatal delivery of methyl CpG binding protein 2 (MeCP2), lowered protein concentrations of brain-derived neurotrophic factor (BDNF) and potential alteration of dopamine release and therefore attenuates motivation for cocaine abuse \[[@R24]\].

Undoubtedly, cocaine, heroin, amphetamines, and alcohol promote continual neuroadaptive adjustments by increasing certain gene regulative pathways advancing towards addiction. The commonly known 'reward pathway,' or the synaptic elasticity of the mesolimbic dopaminergic organization, is critical for drug dependence. Clearly, miR- 16 creates flexibility in serotonin transporter construction; miR-133b is uniquely manifested within midbrain dopaminergic neurons, and controls the creation of tyrosine hydroxylase (rate-limiting enzyme) and the dopamine transporter; miR- 212 influences creation of striatal brain-derived neurotrophic factor (BNDF) and synaptic elasticity following chronic cocaine abuse \[[@R25]\].

Understanding these basic facts and concepts provides a framework illustrating the realization that non-substance and substance related addictive behaviors along with a number of psychiatric illnesses such as major depression, schizophrenia and potentially bipolar disorder might have common anatomical and genetic antecedents. The importance here is to lay down some findings that reveal common shared neurogenetic and other structural brain elements that may be important for therapeutic targeting and relapse-prevention, in terms of drug and non-drug repetitive behaviors. In order for one to feel good the complex interaction of many genes and transcription processes of these particular genes, ultimately control the brain's dopaminergic actions within its reward center or mesolimbic center, or particularly the nucleus accumbens (NAc) and through resting state functional connectivity allows *Homo sapiens* to make good decisions deriving from frontal cortices activation.

NEUROCHEMICAL COMMONALITY OF SEEKING BEHAVIOR
=============================================

As mentioned previously, RDS is currently evolving as the conventional understanding for the connections between impulsive, compulsive, and addictive behaviors, known as "process addictions" \[[@R26]\], in which Blum *et al*. \[[@R27]\] employed Bayes\' theorem to forecast future substance-seeking and deviant behavior. Brain reward mechanisms in the mesolimbic system have played a role in the dopaminergic structure, and more so, the DRD2 gene. Deviant substance (drug, tobacco, alcohol, and food) pursuing actions can be attributes of D2 dopamine receptor dysfunction. Years of research since the initial findings of Blum's group \[[@R16]\] point to genetics playing a part in making an individual susceptible to substance pursuance. It is our suggestion that multiple alternatives of DRD2 A1 allele may serve as genetic factors in suspecting addiction (Blum *et al*. 1996). In this particular study, the anticipated assessment for those carrying the DRD2 Taq A1 allele and their future RDS actions was 74%. Many studies have taken a stand along with this report, maintaining the link between food craving and drug craving behavior *via* neuroimaging \[[@R28], [@R29]\].

The dopamine D2 receptor remains to be a major player in RDS behaviors, despite the involvement of other genes \[[@R30]\]. Johnson and Kenney observed compulsive feeding behavior only in obese rats, which was tracked *via* resistant food consumption to harshly habituated stimuli. In obese rates, striatal dopamine D2 receptors were down-regulated, as had been similarly described in humans experiencing addiction. Furthermore, the acceleration of the creation of reward deficiency and the start of eating compulsion in rats with availability to increased fatty food was caused by Lentivirus- mediated downfall of striatal D2 receptors. These data indicates that the overconsumption of food may cause similar addictive neuroadaptive responses in the brain's reward systems and pushes towards compulsive eating habits. The authors propose that obesity and drug addiction are related to common hedonic mechanisms \[[@R31]\].

It has been recognized that some researchers have found selective BDNF deficiency in a mouse ventromedial hypothalamus (VMH), which caused hyperphagic behavior and obesity. Cordeira *et al*. \[[@R32]\] observed ventral tegmental manifestation of BDNF and TrkB mRNA in wild-type mice, caused by the ingestion of appetizing, increased fatty foods.

Additionally, deficits in the nucleus accumbens (NAc) and dorsal striatum dopamine release and regular release in the NAc crux occurred after depletion of central BDNF in the brain slices of mice found in amperometric recordings. Lobo *et al*. \[[@R33]\] found that suppression of cocaine reward was activated by D2+ neurons, imitating TrkB loss, but occurred with contrasting effects prompted by D1+ neuron activation. These data allows further understanding of D1+ and D2+ neuronal activity molecular control and also the influence these cells have on cocaine reward.

The DRD2 is commonly correlated with hedonism, while the DRD2 A1 allele has been denoted as the reward gene \[[@R16]\]. Research indicates that a three-way collaboration occurs between deficiency of dopamine receptors, susceptibility to alcoholism, and decreased reward sensitivity. This relationship is dependent on individual genetic features, with specific ethnic groups having an increased propensity toward alcoholism compared to other groups \[[@R34]\]. DRD2 is a prominent component of neuropsychiatric disorders and conditions, as well as alcoholism and other addictions (PUBMED 3,886 articles obtained 4/18/15). The dopamine D2 gene, its receptor, including the TaqI A1 allele may also play a role in antisocial personality disorder, obesity, gambling, and analogous \[[@R4]\] characteristics such as high novelty seeking, and other psychiatric conditions \[[@R35]\]. The mesocorticolimbic dopaminergic pathway system often mediates the strengthening of drugs abused, and may very well take part in other addictions, including alcoholism \[[@R36]\].

RDS and its resulting drug pursuing behaviors are caused by the dysfunction of the mesocorticolimbic dopamine reward system (perhaps initiated by particular genetic variants). To reiterate, RDS indicates interruptions in the reward cascade and subsequent abnormal behaviors, all caused by genetic and environmental effects with the realization that all roads lead to dopamine \[[@R37]\]. Alcohol  and other commonly abused drugs, including positive reinforcers, trigger the dopamine activation and neuronal release, which may reduce negative emotions and please unusual cravings. In the event of a D2 receptor deficiency or absence, predisposed persons are at an increased risk of several addictive, compulsive, and impulsive actions. While additional neurotransmitters (*e.g.*, gamma-aminobutyric acid (GABA), glutamate, and serotonin) can define rewarding and motivating ethanol effects, dopamine may be important for drug initiation and returning to drug use after prolonged abstinence \[[@R38]\].

REWARD GENES COMMONALITY FOR PRE- DISPOSITION TO ADDICTIVE BEHAVIORS AND DEPRESSION
===================================================================================

Understanding the role of many neurotransmitter related genes and their interaction with respective receptors regulated by appropriate vesicle storage, synthesis and release mechanisms is tantamount to developing successful therapies. The realization that the chemical structure of various drugs of abuse is dissimilar and quite diverse, while the basic neurobiology of these substances has many similarities especially when RDS behaviors are considered. \[[@R11]\]. Since the early 90s, global research into the neurological and neurogenetic mechanisms and the interplay between many genes and the addictive process has paved the way for the development of accurate genetic tests to identify and provide risk stratification.

It is well accepted that neuropsychiatric disorders are considerabley hereditary, with support implying that these disorders have in common, a coinciding series of neuro- molecular and neuronal foundations. These disorders include attention deficit hyperactivity disorder (ADHD), autistic spectrum disorders (ASD), anxiety disorders (Anx), bipolar disorder (BD), depressive disorder (DD), and schizophrenia (SCZ) among others. Using GWAS studies, Lotan *et al*. \[[@R39]\] found the most common grouping of genes in five of six disorders included: ANK3, AS3MT, CACNA1C, CACNB2, CNNM2, CSMD1, DPCR1, ITIH3, NT5C2, PPP1R11, SYNE1, TCF4, TENM4, TRIM26, and ZNRD1. Together, these genetic factors are responsible for 20-30% of the genetic load. However, in a recent meta --analysis conducted by Gatt *et al*. \[[@R40]\] considering the same set of psychiatric disorders as Lotan *et al*. \[[@R39]\] they found 13 genetic variants were mutually shared among multiple disorders (APOE e4, ACE Ins/Del, BDNF Val66Met, COMT Val158Met, DAOA G72/G30 rs3918342, DAT1 40-bp, DRD4 48-bp, HTR1A C1019G, MTHR C677T, MTHR A1298C, SLC6A4 5- HTTLPR, SLC6A4 VNTR and TPH1 218A/C).

While the above seems relevant for psychiatric disorders excluding addiction, others have suggested other shared candidate genes. Levran *et al*. \[[@R41]\] evaluated 801 African Americans and the relationship between 98 individual nucleotide polymorphisms and 13 dopamine-linked genes occurring with heroin addiction (OD) and/or cocaine addiction (CD). They found separate-marker analyses rendered important indications for connections of 24 SNPs in DRD1, ANKK1/DRD2, DRD3, DRD5, DBH, DDC, COMT and CSNK1E. A DRD2 7-SNPs haplotype that contained SNPs rs1075650 and rs2283265, observed as modifying D2S/D2L merging, was specified in both dependencies. The COMT Val158Met allele was correlated to defense from OD. This finding was not significant following multiple testing and while it suggests the importance of these candidate genes, appropriate utilization of a very specific set of alleles maybe causing the loss of significance. According to Li *et al* \[[@R42]\] their products demonstrated that amphetamine feedback, diabetes mechanisms, dopamine receptors, energy metabolism, glucose control of insulin release, locomotor behaviors, mitochondrial electron transport, negative control of cell movement, NGF signaling, respiratory electron transport chain, signal transduction, synaptic transmission, are responsible for addictive behaviors and provide information regarding shared genetics. Along similar lines Levey *et al* \[[@R43]\] employed the translational Convergent Functional Genomics (CFG) in order to identify the alcoholism genes *via* gene combination of a Genome-Wide Association Study (GWAS) data taken from German alcoholic population as well as alcoholism from USA samples. While they found only nominal significance in the German cohort, when they chose the top CFG genes -- eleven has a nominal significance in terms of predicting alcoholism (P \<0.041). The main CFG alcoholism gene from the first discovery stage, synuclein alpha (SNCA) \[helps regulate dopamine\] stayed as the initial gene even after stress-sensitive animal model cross-verification. Following extensive research Levey *et al* \[[@R43]\] correctly suggested that the compelling genetic overlay with other neuropsychiatric disorders provided a foundation for comorbidity and dual examination, and as such, introduces alcoholism in a greater background of modifying the psychological panorama, which includes RDS.

In addition Pearson-Fuhrhop *et al*. \[[@R44]\] were able to link a number of dopamine genes and associated polymorphisms to depression risk. In their study, five genes with functional polymorphisms were identified in synaptic dopamine possibility (COMT and DAT) were combined together with dopamine receptor binding (DRD1, DRD2, DRD3) to create a genetic risk score. They found that depression evidence (β=−0.80, p=0.003), with decreased dopamine genetic addiction risk scores (signifying reduced dopaminergic neurotransmission), was related to the genetic addiction risk score overall, forecasting increased levels of depression. Importantly, they suggest that sequential difference appearing in several genes that control dopamine neurotransmission can effect depressive symptoms, especially in terms of addiction. This work is in agreement with Blum's group in unpublished studies showing that a very specific panel of reward genes and associated risk alleles causing a hypo- dopaminergic trait significantly predicted Addiction Severity Index (ASI --Media Version) for both alcoholism (p\<.004) and drugs (P\<0.05).

ABNORMALITIES OF NEUROANATOMICAL STRUCTURES ACROSS RDS CONDITIONS
=================================================================

We are entering a new era of genomic medicine and neuroimaging and as such our understanding of brain functions especially as it relates to mental illness remarkably is providing new fundamental answers to age old questions of "Nature (neurogenetics) vs. Nurture (neuro epigenetics)." Most recently, Goodkind *et al*. \[[@R45]\] provided some important answers related to the fact that while psychiatric examinations are determined by groups of distinct symptoms, genetic and clinical investigations locate comparisons across a large range of diagnoses. This new work suggests that familiar neurobiological substrates can occur in different mental conditions. Specifically, they found a voxel-based morpho- metry meta-analysis of 193 studies composed of 15,892 subjects across 6 different diagnostic bodies (addiction, anxiety, bipolar disorder, depression, obsessive-compulsive disorder, and schizophrenia), in which loss of gray matter met across diagnoses in 3 brain areas: the dorsal anterior cingulate, left insula, and right insula. Further work from their laboratory also found that decreased gray matter was correlated to poor executive functioning. Goodkind *et al*. \[[@R5]\] have found an important hallmark network revealing that across psychiatric diagnoses there is a commonality of abnormalities associated with an anterior insula/dorsal anterior cingulate-based system, which may reveal deficiency of executive functions seen across diagnoses including complex RDS behaviors \[[@R45]\].

Other works from Oscar-Berman's group support these concepts and show the commonality of brain volume abnormalities in both smoking and alcoholism. Specifically, Luhar *et al*. \[[@R46]\] provided clear evidence linking brain irregularities and poor performance on neuropsychological exams to alcoholism and smoking (separately and together). They show that compared to non-smoking/non-alcoholics, smoking alcoholics had a number of volumetric brain abnormalities: the amygdala, lateral ventricle, pallidum, parahippocampal and temporal pole areas, pre- and para- central frontal cortical areas, rostral middle frontal white matter, ventral diencephalic region. One primary issue related to these significant findings is that carriers of brain volume abnormalities show reduced executive function and decision-making abilities, which could impact both drug and non-drug seeking addictive behaviors and subsequent relapse. Other work from Ruiz *et al* \[[@R47]\] revealed that effects of alcohol particularly on white matter and ventricular volumes are gender distinctive, with alcoholic females exhibiting the most change in frontal, temporal, ventricular, and corpus callosum regions, while males exhibited responses primarily in the corpus callosum.

This work has been highlighted because in that in any given year, nearly 20% of Americans exhibit symptoms that meet criteria for a psychiatric illness diagnosis. The goal is to shift the emphasis from symptomatology to neuropsychiatric trajectories involving etiological genetic mechanisms, epigenetics and genomic-based solutions especially in children \[[@R48]\].

NEUROGENETICS OF RELAPSE
========================

Homo *sapiens* are physiologically and biologically motivated to engage in behavior resulting in pleasure, such as gluttony, consumption of alcohol, and sexual intercourse. Abnormal impairment of these behavioral inclinations results in impulsive, compulsive, and addictive behaviors further dictated by genetic predispositions. While there are a variety of genetic variations that control mesolimbic activity, polymorphisms of the serotonergic-2A receptor (5-HTT2a), dopamine D2 receptor (DRD2), and the Catechol-o-methyl-- transferase (COMT), GABA receptors (A, B Units) and many other genetic combinations predispose individuals to increased compulsive cravings and similar impulses that precede relapse.

Understanding the neurogenetics of relapse from all addictive behaviors will be most beneficial clinically and could provide new therapeutic targets to prevent reinstatement of drug and non-drug seeking behavior. One avenue of investigation in this arena involves dopaminergic genetics. Alcoholism associated with the TaqIA polymorphism of the dopamine D2 receptor (DRD2) gene has been closely observed \[[@R16]\], and the TaqI A1 allele appears to be over- represented in alcohol-dependent individuals \[[@R49], [@R50]\]. This allele is also linked to a significantly higher mortality rate of individuals who abuse alcohol \[[@R51]\]. Dahlgren *et al*. \[[@R52]\] found that 89% (16/18) of carriers of the A1 allele reported relapse, in contrast to 53% (17/32) of non-carriers (P = 0.01; odds ratio = 7.1). They suggested that despite this small number and the first report, an increased relapse rate associated with the Taq1 allele seems likely. Other work revealed that in terms of nicotine dependence that other dopaminergic genes such as the dopamine --beta -- hydro- xylase gene (rs1541333) has also been tied to relapse \[[@R53]\].

There are numerous studies involving many reward genes across many drugs of abuse and subsequent clinical outcomes relative to relapse behavior \[[@R54]-[@R62]\]. Similarly, others have discussed the possible role of specific genes (such as the DRD2 and associated polymorphisms) as a potential cause for relapse, expanding their view to define a psychological basis for such relapse impacted by genetic antecedents \[[@R63]\]. Others have discussed similar genetic antecedents concerning gambling behavior as well \[[@R64]\].

With this new information are we in a position to provide a genomic-based solution to impact relapse behavior in a clinically meaningful way. The answers may reside in embracing a nutrigenomic approach.

DOPAMINERGIC ACTIVATION THROUGH NUTRI- GENOMICS
===============================================

There is much research on utilizing nutritional therapy to RDS-related health consequences. However, there is significantly less exploration in research on biochemical control of neurotransmitters within the neural reward system and genetic polymorphic identification \[[@R65]\]. Li *et al*. \[[@R66]\] integrated 2,343 items of evidence from peer-reviewed publications from 1976 to 2006 that linked specific genes and respective chromosomal regions to addiction by single- gene strategies microarray, proteomics, or genetic studies. In these studies, Li *et al*. (2008) found 1,500 human addiction- related genes and created the first molecular database of its kind for addiction-related genes, KARG (<http://karg.cbi.pku.edu.cn>). Li *et al*. (2008) then showed a meta-analysis of 396 genes supported by at least 2 evidence items to identify 18 molecular pathways, covering both upstream and downstream signaling events. Five molecular pathways for four different categories of addictive substances were identified as common mechanisms that may be components of shared reward and addictive behavior. Among the five pathways were two new mechanisms: the GnRH signaling pathway and gap junction. These two pathways were formulated into a potential molecular network of addictive behavior and they observed that both fast and slow positive feedback loops are linked through CAMKII, which could explain the irreversible aspects of addiction. Notably this motif centers around dopaminergic and glutaminergic genes. Indeed, the dopamine molecule propagates behavioral responses of pleasure and stress-induced coping mechanisms.

In light of this evidence, we wanted to evaluate the process of DNA-manipulation in diet and nutrition-based solution wellness and weight management. This study genotyped 1,058 individuals who were administered with a patented nutraceutical based on polymorphic outcomes. In a subset- simple t -tests comparing a number of parameters before and 80 days after nutraceutical were performed. There were notable results for weight loss, appetite suppression, snack reduction, decreased sugar cravings, decreased late night eating (all P\<0.01), increased perception of overeating, improved sleep quality, increased happiness (all P\<0.05), and improved energy (P\<0.001). Polymorphic correlates for specific genes were obtained (LEP, PPAR-gamma2, and MTHFR, 5-HT2A, and DRD2 genes) with positive clinical parameters. Of these results and polymorphisms, only the DRD2 gene polymorphism (A1 allele) demonstrated a significant Pearson correlation with treatment days (r=0.42, P=0.045) This two -fold increase is a critical genotype for compliance in treatment \[[@R67]\].

FUTURE PERSPECTIVES
===================

Decades of peer-reviewed and established research on the mesolimbic system have shed light on the mechanics of the addictive brain and other underlying neurogenetic dispositions. The mesolimbic system is the site of the brain in which sensations of pleasure, perceived happiness and well-being occur \[[@R68]\] and has been appropriately named, the "reward center." Chemical messengers such as enkephalins, GABA and dopamine (DA), combine to release DA at the n. accumbens (NAc). It has been established that genes dictate the synthesis, storage, metabolism, receptor formation and neurotransmitter catabolism. Certain polymorphic variations may lead to an impairment of neurophysiologic events leading to the release of DA. This event series of is referred to as the "Brain Reward Cascade" \[[@R15], [@R69]\]. The disruption of this cascade can ultimately precede a dysregulation and/or dysfunction of DA. Any impairment in the function of DA, the "pleasure molecule" and "anti-stress molecule," may result in reward deficiency and subsequent aberrant substance-seeking behavior.

In a number of articles we have suggested a novel approach that could have clinical importance called "Reward Deficiency Solution System™" \[[@R70]\] and provided rationale for the coupling of genetic testing \[[@R71]\], exploration of various treatment approaches utilizing Comprehensive Analysis of reported Drugs (CARD) ™ \[[@R72]\] and incorporation of a genomic-based putative dopaminergic agonist KB220z  that has been shown to restore resting state functional connectivity in abstinent heroin addicts \[[@R73]\]. Two major therapeutic platforms involving anti-drug vaccines \[[@R74]\] and gene therapy \[[@R75]\] have also been recently addressed with cautious consideration.

We are cognizant that research in the Recovery field, in general, has revealed poor outcomes, notably in relapse prevention and continued drug-seeking behavior \[[@R17]\]. Furthermore, Blum and Gold \[[@R17]\] proposed a new precedent in clinical care and aftercare that incorporates genetic testing to identify risk alleles together with D2 receptor stimulation using a neuroadatogen amino acid precursor enkephalinase-catecholamine-methyltransferase (COMT) inhibition therapy. This method, which is both natural and therapeutic, may induce dopamine release, potentially resulting in the induction of D2-directed mRNA and enhanced proliferation of D2 receptors. Blum and Gold further hypothesized that the proliferation of D2 receptors in turn will induce the diminishing of drug-seeking behavior. Pharmacological methods have demonstrated limited success because such agents are focused solely on the maintenance or interference of feelings of pleasure or euphoria post drug use rather than the individuals' existing dopamine system deficits. Future neuro-imaging studies may confirm these patterns, though recent studies propose a variety of potential therapeutic approaches including the targeting of the heteromeric A (2A)-D (2) receptor complex \[[@R76]\].

UNDERSTANDING COMMON THERAPEUTIC TARGETS AND ISSUES
===================================================

In terms of future targets to prevent cocaine relapse for example, it is well known that the reinforcing and rewarding properties of cocaine are attributed to its ability to increase dopaminergic transmission in NAc. Moreover, this action reinforces drug taking and seeking and leads to long-lasting associations between the rewarding effects of the drug and the cues associated with its availability. One important key to preventing relapse is to target dopamine receptors in the NAc. Dopamine produces these effects by controlling the activity of two subpopulations of NAc medium spiny neurons (MSNs) that are defined by their predominant expression of either dopamine D1 or D2 receptors. Research has demonstrated that optogenetically stimulating D1 MSNs promotes reward, whereas stimulating D2 MSNs produces aversion or attenuation of drug seeking. It is believed that acute administration of cocaine stimulates D1 receptors and promotes reward. However, chronic cocaine exposure deregulates these D1 signals to both prevent extinction and facilitate reinstatement of drug seeking to drive relapse. These data elucidate the responses of D1- and D2-type MSNs in NAc to acute cocaine and during the formation of context-reward associations and define how prior cocaine exposure selectively deregulates D1 signaling to drive relapse \[[@R77]\].

In addition, it has been discovered by Epstein's group that carriers of the Met/Met genotype of the COMT gene had a greater intensity of the novelty-seeking trait than carriers of the Val/Val and Val/Met genotypes, though this association was seen only in women. Furthermore, the presence of the C allele of the DRD4 gene in carriers of the Met/Met genotype showed high levels of extraversion and hypomania \[[@R78]\]. Other work by Noble's group observed that total Novelty Seeking score of the Tridimensional Personality Questionnaire (TPQ) was significantly higher in boys having, in common, all three minor (A1, B1, and Intron 6 1) alleles of the DRD2 compared to boys without any of these alleles. Additionally, boys with the DRD4 7 repeat (7R) allele also had a significantly higher Novelty Seeking score than those without this allele. Finally, the combined DRD2 and DRD4 polymorphisms contribute more markedly to this behavior than when these two gene polymorphisms are individually considered \[[@R79]\].

Importantly, a number of studies have suggested that DRD2/ANKK1 TaqIA genotype predicted smoking initiation and subsequent use \[[@R80]\]. In fact, Doran *et al*. \[[@R80]\] showed that logistic regression indicated that the A1 allele was associated with initiation (p = .003). This effect was partially mediated by sensation seeking and negative urgency. This takes on even more significant meaning when you consider the work of others \[[@R52]\] showing that DRD2/ ANKK1 TaqIA genotype A1 allele was high in subjects who relapsed with alcohol compared to A2 carriers. In addition, Iordanidou *et al*. \[[@R81]\] showed significant association between 5-HT (2C) receptor gene polymorphisms and smoking initiation in male Caucasian subjects, but not in all races tested. Work by Grzywacz *et al*. \[[@R82]\] further confirm statistically significant associations between SNP in exon 8 A/G in the DRD2 gene and alcohol withdrawal syndrome with seizures, and between SNP in promoter -141 C I/D in the DRD2 gene and early onset of alcohol dependence (AD). Specifically, the A/A genotype in the exon 8 A/G poly- morphism is a positive predictive factor for the presence or the lack of seizures in alcohol withdrawal syndrome. The A/G genotype is possibly a protective factor for this AD phenotype. The authors suggest that dopamine receptor 2 gene polymorphisms are associated with alcohol addiction and alcohol withdrawal syndrome. These results provide rationale for therapeutic intervention.

Another important issue is how to treat RDS behaviors that are drug and non-drug related. There are those who support the view that the best approach to treat RDS is to attenuate the release and function of dopamine. This would include substances that act as antagonists of dopamine function like naloxone/naltrexone and others approved by the FDA as Medication Assisted Treatments (MATs) \[[@R83]\]. For the most part, MATs and/or antagonists of the dopamine system have systematically failed \[[@R84]\]. In terms of RDS patients having low dopamine tone, there are a number of studies involving measurement of tonic dopamine in cocaine addicts \[[@R85]\] and resting state dopamine tone in ADHD \[[@R86]\]. In the former case, it has been shown that as dopamine is reduced, there is escalation of cocaine abuse \[[@R85]\]. In the latter case, it has been shown that the dopamine tone in ADHD is reduced compared to non-ADHD controls \[[@R86]\]. There is also evidence that the drug Modafinil, a substance that acts as a selective, relatively weak, atypical dopamine reuptake inhibitor, has been shown to modulate dopaminergic transmission and produce enhanced reward- related brain activity in the NAc in healthy subjects. While there have been some positive effects especially with nicotine dependence, it has abuse liability \[[@R87]\]. Additionally, we believe that the popular GABA promoting drugs like Topiramate should not be used in the long-term because of possible attenuated dopamine release and suicide ideation \[[@R88]\]. The proposal herein is to promote long-term "dopamine homeostasis" \[[@R89]\].

There are a plethora of studies showing the relationship of many behavioral addictions and reward deficiency. One example involves the work of Han *et al*. \[[@R90], [@R91]\] showing that both alcohol dependence (AD) and Internet Gaming Disorder (IGD) subjects have positive functional connectivity between the dorsolateral prefrontal cortex (DLPFC), cingulate, and cerebellum. In addition, both groups have negative functional connectivity between the DLPFC and the orbitofrontal cortex. However, the AD subjects have positive functional connectivity between the DLPFC, temporal lobe, and striatal areas, while IGD subjects have negative functional connectivity between the DLPFC, temporal lobe, and striatal areas. Understanding these differences may provide important differential therapeutic targets.

CONCLUSION
==========

It is known that specific drugs of abuse and neuro- pathways link up in the genome to effect miRNA biological functioning in its relation to neurotransmission, enzymes that take part in neurotransmitter metabolism, and particular neuronal receptors known for inducing feelings of well-being in human and nonhuman animals alike \[[@R92]\]. Dopaminergic alteration and manipulation of direct striatonigral and indirect striatopallidal pathways in the basal ganglia are vital factors in rewarding and adverse patterns and drug addiction \[[@R93]\]. In order to determine how the basal ganglia processes and integrates data through these specific pathways, other researchers have created a reversible neurotransmission obstructive technique, in which pathway transmission is impeded by particular expressions of transmission-blocking tetanus toxin in a doxycycline- dependent approach \[[@R94]\]. These outcomes have shown that the synchronized variation of these pathways is imperative for dopamine-mediated acute psycho stimulant activity. Nonetheless, this variation has transferred its role between the direct pathway of reward feedback and cocaine stimulation and the indirect of aversive behavior. These two pathways therefore have two separate roles: the direct pathway is responsible for categorizing the appropriate rewarding stimuli from non-appropriate ones and the indirect pathway for increased memory formation in order to evade aversive stimuli. While we agree with this information, we also probe the role abused drugs have on mRNA within these pathways. This notion continues to be investigated by our laboratory and will hopefully become the subject of many future papers. However, we are indeed proposing a novel approach challenging the entire recovery field to incorporate the following: Genetic Addiction Risk Score (GARS) ™ for appropriate RDS diagnosis; CARD™ analysis to establish both agreement and self-restraint throughout treatment; Natural D2 Agonistic Therapy (NAAT-KB220™); mRNA to determine pre and post candidate gene expressions in RDS patients attending inpatient/out-patient treatment programs. We therefore propose a shift in clinical care to "Reward Deficiency Solutions System (RDSS) ™" \[[@R95]\].
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